We reviewed literature records, examined herbarium specimens and studied new collections referred to as Mesophyllum lichenoides from the Mediterranean and the North Atlantic, and report for the first time the presence of Mesophyllum expansum in the Canaries and the Azores. Both gametophytes and tetrasporophytes of M. expansum occur in the Canaries, while we found only tetrasporophytes (and sterile thalli) of the species in all other regions. We further consider the presence of M. lichenoides further south than Atlantic France in need of confirmation. A comparative study between these two species points to the number of rosette cells as the most reliable and easily diagnosed character, M. expansum most often having 9-11 and M. lichenoides 6-8 cells.
Introduction
Prior to 1983, the name Lithophyllum (Pseudolithophyllum) expansum Philipppi (1837) was applied to a common Mediterranean species of Lithophyllum widely occurring in both the western and eastern basins as well as the Adriatic Sea, until it was discovered that the type material had a multilayered and coaxial hypothallium (Woelkerling 1983: 307, figs 7, 8 ), a feature not in accord with the genus Lithophyllum but generally associated with species of Mesophyllum Lemoine or Neogoniolithon Setchell et Mason (e.g., Adey et al. 1982) . Twenty more years were needed to establish that the species originally described by Philippi had also been subsumed in Mesophyllum lichenoides (Ellis) Lemoine , when in fact it should be recognized as an independent taxon, Mesophyllum expansum (Philippi) Cabioch et Mendoza (2003) . Despite these findings, the name M. lichenoides remained in use in the Mediterranean literature (e.g., Basso and Rodondi 2007 , Taskin et al. 2008 : 19, Braga et al. 2009 without new evidence of the occurrence of this species in the Mediterranean Sea.
In the course of a study of the genus Mesophyllum in the tropics and the subtropics, we have searched for M. lichenoides along and off the Atlantic and Mediterranean coasts of Europe, and found instead M. expansum both in the Azores and the Canaries, and also in the Mediterranean Sea.
Materials and methods
Specimens from the herbaria BM, C, CAT, L, MICH, MSM, NY, PC, TFC, and TRH were examined under a Zeiss Stemi SV six microscope (Carl Zeiss, Jena, Germany). Photographs were taken using a Zeiss Axiophot 2 after the material had been decalcified using acetic acid (20-45%, 5-24 h), stained/hardened in aniline blue (1-5% solution with alcohol for at least 24 h), and sectioned in Hamilton's freezing solution (1 g gum arabic: 30 g sucrose: one crystal of thymol: 100 ml distilled water) using a Kryomat 1700 freezing microtome (Leitz, Stuttgart, Germany) , at a thickness of 30-50 mm. For light microscopy, we used either the Zeiss Axiophot 2 or a Leitz Dialux 20 EB (Leitz, Toronto, Canada) . Permanent slides were mounted in Karo syrup (60-80%; Best Food Division CPC International, Englewood Cliffs, NJ, USA).
Terminology follows previous papers on coralline taxonomy (e.g., Athanasiadis et al. 2004) . Rosette cells are the apical cells surrounding the canals of multiporate roofs. Number of measurements of characters appears in parenthesis (n: ࠻). Herbarium abbreviations follow Holmgren et al. (1990) , and citations of Articles (Art.) refer to the latest International Code of Botanical Nomenclature (McNeill et al. 2006) . 
Basionym
Lithophyllum expansum Philippi (1837: 389) .
Type locality
Sicily.
Lectotype
In L, '9395 n82', designated herein; illustrated in Woelkerling (1983) : 308, fig. 4 , larger specimen) and in Cabioch and Mendoza (2003: 262, fig. 2A ).
Homotypic synonyms 1
Melobesia expansa (Philippi) Endlicher (1843: 49) . Lithothamnion expansum (Philippi) Foslie (1895: 177) . Lithophyllum expansum f. genuinum Foslie (1897: 3) . Tenarea expansa (Philippi) Kuntze (1898: 433) . Hyperantherella expansa (Philippi) Heydrich (1901: 192) . Stereophyllum expansum (Philippi) Heydrich (1904: 198) . Crodelia incrustans var. expansa (Philippi) Heydrich (1911: 13) . Pseudolithophyllum expansum (Philippi) Lemoine (1924: 114, 122) . Crodelia expansa (Philippi) Kylin (1956: 208) . Lemoine in Børgesen (1929: 31, Canaries, material in C) . According to the results of this study. Mesophyllum lichenoides sensu Neto (1994: 26, Azores) . Melobesia stictaeformis sensu Bornet in herb. (material from Antibes, Mediterranean France, in PC). According to Cabioch and Mendoza (2003: 259) . Mesophyllum lichenoides sensu Lemoine in herb. (material from Mediterranean France, in PC). According to Cabioch and Mendoza (2003: 259) . Pseudolithophyllum expansum sensu Feldmann in herb. (material from Mediterranean France, in PC). According to Cabioch and Mendoza (2003: 259 Levring (1974: 65) from Madeira was not found at GB (Andersson and Athanasiadis 1992 ) and Levring's duplicate collection deposited at 'Museu Municipal' in Funchal was not examined in the present study. It should be noted, however, that Levring's description 'Found a few times on exposed rocks near low water line and in pools....Funchal (Baixa Larga, Club Naval)' matches the habitat preferences of Mesophyllum expansum.
Misapplied names

Mesophyllum lichenoides sensu
Material examined
Morphology
Thalli at least 12 cm in extent and 2.3 cm in thickness (Sicilian specimens including the lectotype), adhering lightly to shells, or pebbles (as young individuals) and progressively forming larger complexes attached to various substrata (including corallines). Well-developed thalli mainly unattached with regular superposition of new lamellae. Thallus surface flattened to undulate, pinkish to deep red, becoming grayish or bleached in older herbarium specimens. Examined thalli from the Canaries and the Azores up to 5 cm in extent. All conceptacles distinctively raised with convex to flattened roof (in transverse section). Multiporate conceptacles with obvious pore openings (whitish), gradually deteriorating after spore discharge.
Anatomy
Individual lamellae dorsiventrally organized, 280-640 mm thick, with a predominantly coaxial, arching hypothallium 200-500 mm thick, giving rise to an ascending, locally stratified perithallium 70-100 thick mm ( Figure  1 ) (perithallium up to 150 mm according to Cabioch and Mendoza 2003) . Hypothallial cells (15)20-46 mm long w30-60 mm long in the type according to Woelkerling (1983) ; 50 mm according to Cabioch and Mendoza (2003) x and 5-8 mm broad w8-14 mm in the type according to Woelkerling (1983) ; 20 mm according to Cabioch and Mendoza (2003) x; perithallial cells 8-16 mm long and 5-10 mm broad w11-30=6-10 mm in the type according to Woelkerling (1983) ; 10-15=4-5 mm according to Cabioch and Mendoza (2003) Carposporangial conceptacles 600-940 mm in external diameter and 150-320 mm high, with chambers 390-600 mm in diameter and 170-210 mm high (n: 7), and a centrally raised fertile floor ('pedestal') ( Figure 6 ). Carpospores, 50-200 mm long and 50-100 mm broad, cut-off from the periphery. Roof 75-125 mm thick, with a central 100-125 mm long ostiole, 80-100 mm in diameter at the base and ca. 40 mm at the apical opening.
Multiporate conceptacles raised, 850-1300 mm in external diameter (reaching 1600 mm when two merge) and 250-400 mm high (n: 13) wup to 1500 mm in external diameter according to Cabioch and Mendoza (2003) x, with flattened or convex roof, 50-80 mm thick, perforated by 50-67 pores (n: 6) w30-50 according to Cabioch and Mendoza (2003) x (Figures 7 and 8) . Chambers 610-800 mm in diameter and 310-400 mm high (n: 3) w650-700=350 mm according to Cabioch and Mendoza (2003) x. Pore plates 470-750 mm in diameter (n: 7). Roof filaments composed of 5-7 cells. Pore openings 15-22 mm in diameter at the surface and 30-40 mm at the base (n: 9) (Figures 9-11 ). Pore openings surrounded by (8)9-11(12) rosette cells wfrequency: 8 (4.2%), 9 (32.1%), 10 (40.1%), 11 (20.2%), 12 (3.4%); n: 237x, which are either normal-size epithallial cells or thinnerwider (in the former case, flush with the surface, and in the latter, terminating below). Pore cells lining the canals differentiated or not, composed of 6-10 celled filaments, with cells increasing in size towards the base and occasionally 'thinner-wider' (Figures 12-14) . Tetrasporangia 180-300 mm in length and 50-150 mm broad (n: 7). Embedded conceptacles not seen (as they deteriorate with age; Figure 15 ).
Comments on the protologue, the type collection and lectotypification Philippi's (1837) excl. syn. «membraneous, laterally attached, free, more or less circular» -My largest specimen is 11.25 cm long and 7.5 cm broad.' (Philippi's measurements refer to pollex, the terminal joint of the thumb. One pollex equals 2.5 cm; see Kützing 1849 : vi, Stearn 1986 .
As Philippi questioned the synonymy with Pocillopora agariciformis Ehrenberg, Lithophyllum expansum Philippi is a valid and legitimate name (Art. 52. Note: 1).
According to Woelkerling, the type material in Leiden consists of two specimens that 'at some stage probably wwerex part of wonex piece' (Woelkerling 1983: 307-8, fig.  4 ). Yet, this has not been demonstrated and therefore the two pieces should rather be considered as separate specimens. The entire material was first cited as 'Lectotype collection' or 'lectotype element' (Woelkerling 1983: 307) , later as 'holotype' (Woelkerling and Verheij 1995: 51, ' because only a single specimen is involved') and more recently as 'échan-tillon lectotype ..constitué de deux morceaux..' '..specimens que nous avons examinés..' (Cabioch and Mendoza 2003: 263) . The larger specimen illustrated in greater magnification by Cabioch and Mendoza (2003: 262, fig. 2A ) is here designated as the lectotype (the smaller one, including fragments in the box, become syntypes), for reasons given below.
The examination of the type material by Woelkerling (1983: 307-313, figs 4-14) showed that Lithophyllum expansum possessed a coaxial, arching, multilayered hypothallium and cell fusions between contiguous somatic cells (Woelkerling 1983: figs 8, 11, 12) . This character combination definitely excluded the species from Lithophyllum, supporting an affiliation either with the genus Mesophyllum (Melobesioideae) or Neogoniolithon (Mastophoroideae). Subsequently, Cabioch and Mendoza (2003) documented the presence of a dorsiventral organization, a thin perithallium, elongate subepithallial cells, flattened epithallial cells, and lack of trichocytes, and after comparing the (here selected) lectotype with (tetrasporangial and sterile) material from Corse, Antibes, Endourme, Marseille and Villefranche sur Mer, concluded that the species was a member of Mesophyllum. Cabioch and Mendoza (2003) could not find any conceptacles on the type specimens, but Woelkerling (1983, figs 5, 6, 14) described and illustrated the presence of four male conceptacles ca. 444 mm in diameter and 300 mm high, one occuring on the smaller (syntype) specimen, the other on minor fragments (in the box). He also documented the content in one of the conceptacles suggesting that the remains seen in SEM were spermatangia ('occurrwingx in the ostiole'). Such conceptacles are quite different in size and shape, and spermatangial distribution from those documented here for the species (from the Canary Isles) or the genus in general (e.g., Athanasiadis et al. 2004, figs 42, 60, 116) , and therefore we have here excluded the syntype as representative of L. expansum -motivating the lectotypification (Art.
9.2).
Comments on the structure and reproduction of the species Cabioch and Mendoza (2003) provided additional information on the anatomy of pore canals and epithallial cells to support the distinction of Mesophyllum expansum from M. lichenoides, whose presence in the Mediterranean may now be questionable (remains to be confirmed). The latter authors also showed that two different species and genera were previously confused under the name Lithophyllum (Pseudolithophyllum) expansum in the Mediterranean Sea: a species of Lithophyllum currently known as L. stictaeforme and M. expansum, both possessing a similar habit. Yet, M. expansum is not as robust as L. stichaeforme and also adheres lightly to the substratum. Under the binocular microscope, the presence/absence of a coaxial hypothallium easily differentiates the two species, which also exhibit quite different conceptacle morphology (uniporate and flush with the surface in Lithophyllum vs. distinctively raised and either uniporate or multiporate in Mesophyllum). Although both species occur in a similar habitat (wave-exposed, shady places in the littoral and deeper), L. stictaeforme is more frequently found and appears to be a Mediterranean endemic as its presence on the European Atlantic coast, the Canaries and the Azores is unknown (or unconfirmed, Athanasiadis 1999b). On the other hand, all collections of M. expansum from the Mediterranean are either tetrasporangial or sterile (Cabioch and Mendoza 2003; present study) . This suggests that the two species have different centers of distributionas also supported by the fact that gametangial thalli of M. expansum were found in the Canaries. Further studies are needed to confirm this hypothesis -in particular the Banyuls material of Feldmann (1939: 309) referred to 'Mesophyllum lichenoides«wavecx des conceptacles à cystocarpes en mars'.
Most of our data largely confirm Cabioch and Mendoza's (2003) study, but we have also to report a discrepancy in the number of rosette cells that, according to these authors, is '8-9'. As this 'low' number contradicts their illustration (Cabioch and Mendoza 2003: fig. 3B ) where 11 rosette cells are evident, matching instead the number shown for M. lichenoides (Cabioch and Mendoza 2003: fig. 3E ), we believe their statement to be a typographic error.
Mesophyllum expansum in the Canaries and Morocco
The thalli from Tenerife are not as large as those recorded from the Mediterranean, but are both tetrasporangial and gametangial, indicating that the Canaries are within the center of distribution of the species. All collections examined come from the upper sublittoral and littoral zones at 'Orotava' (now Porto de la Cruz) - Børgesen (1925: 3), being unsuccessful with his dredging attempts, collecting almost daily at Orotava 'during low-tide, weather and sea permitting', and all recently collected specimens found at TFC are from the same area where the species grows luxuriantly in the rock-pools just in front of the main harbor of the city (J. Afonso-Carrillo pers. comm.). On the other hand, Pinedo et al. (1992: 42) reported 'Mesophyllum lichenoides' mainly from deeper habitats, but we have not located any of their collections in TFC. Cabioch and Mendoza (2003: 259) have reported the species from Mazagan in Morocco (coll. Hamel, 1939 , material at PC), but other information from this region is not available (see also Footnote 1).
Mesophyllum expansum in the Azores
The four tetrasporangial records of Mesophyllum expansum from Pico, São Miguel and Graciosa range from depths between 5 and 30 m and differ from those in Tenerife or the Mediterranean (where the species is also common in the intertidal). On the other hand, these distantly located, deep records probably indicate that the species is widespread in the Azores, but not abundant. The lack of gametophytes suggests that it may have its northernmost distribution here. mesomorphum) and the number of rosette cells (generally or in 90% of cases, 9-11 in M. expansum vs. 7-8 in M. mesomorphum; Chamberlain in Athanasiadis 1999a: 247, fig. 18 ), but as the 'West Indies' material is sterile we are reluctant in considering it as an indisputable record of M. expansumgiven that the species has not been reported previously from the tropical Atlantic and no material from this region was found in a study of Mesophyllum collections in the herbaria of Børgesen, Foslie, Howe, Lemoine, Taylor and D. Ballantine (in C, L, MICH, MSM, NY, PC, and TRH). Besides, we need also to recall the occurrence of a 'Mesophyllum megacavum Suyemoto et Townsend' sp. ined. from North Carolina, provisionally described in Suyemoto's (1980: 6-10) M.S. thesis. According to the original account, this putative new species displays a habit similar to M. expansum (i.e., leafy thallus with superimposed lamellae) and large tetrasporangial conceptacles (650-1000 mm in external diameter), but unfortunately no specimens were located at DUKE for a closer examination (R. Searles pers. comm.).
Relationships to Mesophyllum lichenoides
Despite numerous studies on the morphology and anatomy of Mesophyllum (Lithothamnion) lichenoides (Suneson 1937 : 62-68, pl. IV fig. 14, Cabioch 1972 : 223-228, pl. X figs 1-5, Woelkerling and Irvine 1986 , Woelkerling and Harvey 1993 : 575, figs 30, 31, Chamberlain and Irvine 1994 , Cabioch and Mendoza 2003 , several characters of the species have been poorly described or documented, and so it was necessary for us to collect information for a comparison. Our material is from Jersey, Roscoff, Trez Hir, and Cabo Higuer, and has a far more restricted distribution (than that reported in the literature for the species). The type locality of the species is Cornwall, UK, and its northernmost record on the European continent is currently accepted to be in Holland (Stegenga et al. 1997 : 29, drift specimens), though it reaches the Orkney Islands off the northern coast of Scotland (Chamberlain and Irvine 1994: 202-204) . The southernmost record, according to our study, is Cabo Higuer (on the border between Atlantic France and Spain). In our specimens, individual lamellae are up to 265 mm thick, composed of a predominantly coaxial hypothallium (80-220 mm thick; hypothallial cells 15-25 mm long; Figure 16 ), producing an ascending perithallium up to 45 mm thick, with subepithallial cells up to 17 mm long, each supporting a single epithallial cell, more or less isodiametric (5-7 mm in diameter; Figure 17 Roof 70-140 mm thick with a central conical ostiole 70-100 mm in diameter, forming papillate cells near the base. The latter 10-22 mm long and 3-5 mm broad, attached singly to basal cells, 3-7 mm long, and projecting into the chamber (Figure 19 ). Male conceptacles 650-980 mm in external diameter and 160-280 mm high, with chambers 370-700 mm in diameter and 90-120 mm high (n: 7). Male structures simple, occurring both on the floor, the walls, and the roof (Figure 20) , at maturity displaying characteristic lunate SMCs (Figure 21 ), which at the end of their fertility become palisade and support remains of spermatangial walls (Figure 22 ). Tetrasporangial conceptacles 640-1320 mm in external diameter and 250-310 mm high (n: 10), with chambers 520-800 mm in diameter and 300-380 mm high (n: 8). Tetrasporangia 180-260 mm in length (n: 9). Conceptacle roofs 52-67 mm thick, composed of 6-7 celled filaments, perforated by 29-118 pores (n: 5). Pore plates between 440 and 820 mm in diameter (n: 4). Pore canals straight with an apical opening ca. 13-18 mm in diameter and ca. 25 mm at the base (Figures 23 and 24 ). Pore openings surrounded by (6) 7-8 (9-10) rosette cells wfrequency: 6 (3%), 7 (32%), 8 (49%), 9 (15%), 10 (1%); n: 299x. Rosette cells either normal epithallial cells or 'thinner-wider' (in the former case being flush with the surface and in the latter terminating below). Pore cells lining the canals generally smaller than neighbouring roof cells, forming 7-10-celled filaments, and either 'thinner-wider' (Figures 25, (26) (27) (28) white arrows) or 'squarish' (Figures 27-29, black arrows) . While we used methods in the preparation of our sections different from those of Suneson 1937, we observed variation in the shape and size of pore cells in Suneson's material (in single conceptacle roofs), leading us to conclude that the typical 'squarish' pore cells described for the generitype (e.g., Woelkerling and Irvine 1986: fig. 24 ) do not represent a stable character but rather a state -the second and more commonly found being the 'thinner-wider' type that was also observed occasionally in Mesophyllum expansum.
In contrast, we found that the number of rosette cells is a stable character (as in Mesophyllum expansum), since more than 80% of the canals are surrounded by 6-8 rosette cellsas compared to 9-11 counted in more than 90% of the canals of M. expansum. We compared our results to the scanty data previously described or illustrated for M. lichenoides (Rosanoff 1866: pl. 5 fig. 6 ; Y.M. Chamberlain pers. comm., specimen n8 5813, in herb. Chamberlain; Cabioch and Mendoza 2003: 264, fig. 3E , exclusive data in the text and table 1) and found excellent agreement, so that we propose this character as diagnostic in segregating these two species.
Systematics
Mesophyllum expansum belongs unambiguously to the 'boreal subgroup' of Mesophyllum (Athanasiadis et al. 2004: 161) , species of which are characterized by a predominantly coaxial hypothallium and a 'pedestal' in carposporangial conceptacles. Moreover, the development of a strictly foliose thallus with unattached-superimposed growth points to a smaller taxon group that, apart from M. expansum, includes the generitype (M. lichenoides), M. lamellatum (Setchell et Foslie) Adey, M. megagastri Athanasiadis (2007) , M. conchatum (Setchell et Foslie) Adey, and probably M. mesomorphum. These six species have a restricted distribution in the warm-temperate regions of the Northern Hemisphere, which reflects their close relationship and suggests the putative presence of a common ancestor. Further progress requires comparative studies with members of the genus from the tropics and the Southern Hemisphere.
Conclusion
We examined specimens of the Mesophyllum lichenoides-M. expansum complex along and off the coast of Europe, and concur with Cabioch and Mendoza (2003) that the external habit clearly distinguishes these two species -M. expansum forming robust thalli up to 12 cm in diameter, whereas thalli of M. lichenoides are rather fragile and do not exceed 3 cm in length. In addition, we have found that the number of rosette cells is the most reliable and easily accessed character to separate these two taxa -M. expansum displaying more frequently (90%) 9-11 and M. lichenoides 6-8 cells (80%). The two species also differ in other anatomical characters such as in the shape of epithallial cells -usually flattened in M. expansum but rather isodiametric in M. lichenoides (in transverse section) -thallus thickness, and pore cell size and shape. However, the latter characters show variation and require section preparation for viewing, whereas conceptacle roofs can be easily removed and, after decalcification in weak acid, diagnosed under a low resolution microscope. We have found only M. expansum in the examined collections from the Mediterranean Sea, the Canaries and the Azores, which indicates that the occurrence of M. lichenoides in these regions requires confirmation. The southernmost record of M. lichenoides in our material is from Cabo Higuer, on the border between France and Spain.
